Tight spatial regulation of extracellular morphogen signaling within the close confines of a developing embryo is critical for proper organogenesis. Given the complexity of extracellular signaling in developing organs, together with the proximity of adjacent organs that use disparate signaling pathways, we postulated that a physical barrier to signaling may exist between organs in the embryo. Here we describe a previously unrecognized role for the embryonic coelomic epithelium in providing a physical barrier to contain morphogenic signaling in the developing mouse pancreas. This layer of cells appears to function both to contain key factors required for pancreatic epithelial differentiation, and to prevent fusion of adjacent organs during critical developmental windows. During early foregut development, this barrier appears to play a role in preventing splenic anlage-derived activin signaling from inducing intestinalization of the pancreas-specified epithelium.
Introduction
Tight spatial regulation of extracellular morphogen signaling within the close confines of an embryo would seem to be crucial for proper organogenesis. Morphogen signaling is thought to be contained and regulated through numerous mechanisms, such as cytoneme signaling and ligand/receptor specificity (Cadigan and Nusse, 1997; Chuang and McMahon, 1999; Gupta and Defranco, 2003; Parr and McMahon, 1994; Ramirez-Weber and Kornberg, 1999; Williams et al., 2004; Zeng et al., 2001) . Physical barriers that contain such signaling have not been well-delineated. Here we describe a previously unrecognized function of the embryonic coelomic epithelial layer in the regulation of organogenesis signals in the developing mouse pancreas. This layer of cells appears to function as a barrier that prevents diffusion out of key factors required for pancreatic epithelial differentiation, and prevents diffusion in of non-pancreatic signals (specifically in the form of splenic anlage-derived activin signals), and lastly prevents inappropriate fusion with adjacent organs.
Compartmentalized morphogen signaling would seem to be necessary during organogenesis to avoid potentially chaotic cross-talk of signals between different developing organs. The very early embryo is known to have morphogen gradients that can signal across different embryonic structures or organs, but as organogenesis proceeds, we hypothesized that compartmentalization of signaling to individual organs may occur. In mature animals, such compartmentalization of signaling is achieved through the development of specialized cellular layers. Examples of cell layers that serve to compartmentalize distinct regions within the body include the peritoneal and pleural lining, which both derive from the embryonic coelomic epithelium. Coelomic epithelium in the embryo is derived from the lateral plate mesoderm and, in addition to peritoneum and pleura, has been shown to contribute to the formation of structures such as the Müllerian duct (Hashimoto, 2003) , the developing gonad (Tanimura and Iwasawa, 1989) , and endothelial and hematopoietic cell progenitors (Munoz-Chapuli et al., 1999) .
We describe here that during early endoderm organogenesis the coelomic epithelium serves as a barrier to prevent the loss of morphogens required for proper development of the embryonic mouse pancreas by diffusion out. In addition, the coelomic epithelium may serve to prevent the inappropriate fusion of closely compacted embryonic viscera.
2.
Results/discussion
Ontogeny and characterization of embryonic coelomic epithelium overlying the pancreas
We initially observed that the early embryonic mouse dorsal pancreas epithelium and mesenchyme are encased within an outer layer of cells that is continuous with the coelomic epithelium that surrounds the intestines of embryonic mice. At embryonic day 9-10 in the mouse, the coelomic epithelium is readily visible and appears thickened around the lateral aspects of the developing pancreatic epithelium (Fig. 1A,B) . As the dorsal pancreatic epithelium buds out from the foregut endoderm and rotates laterally, we saw that the coelomic epithelium grows and intercedes between the dorsal aspect of the pancreatic bud and the dorsal aortae and notochord. Histological sections through the dorsal pancreas at embryonic day 10 show how the coelomic epithelial layer lies over the pancreatic mesenchyme and epithelium, and could potentially serve as a barrier to external influences (Fig. 1C) . Ultrastructural examination using electron microscopy reveals tight junctions between cells of the coelomic epithelium, supporting such a barrier function (Fig. 1D) . Further evidence for an epithelial barrier-type role for this layer is provided by immunohistochemical staining for laminin-1, which suggests that mature basement membrane underlies the coelomic epithelium (Fig. 1E) . Ontogeny studies of the coelomic epithelium and the underlying pancreas show that the coelomic epithelium begins to cover the dorsal aspect of the pancreas coincident with the separation of the paired dorsal aortae away from the dorsal pancreas (data not shown) (Lammert et al., 2001) , possibly indicating that dorsal pancreatic development is no longer dependent on signaling from the dorsal aortae. The coelomic epithelium may represent a transition from extra-pancreatic influences on pancreatic development (e.g. aortae) to intrapancreatic influences only (e.g. pancreatic mesenchyme). As the pancreas matures, the coelomic epithelium covering the pancreas begins to attenuate ( Fig. 1F-H) as it develops into the mature mesothelial peritoneal lining that covers the adult pancreas (Fig. 1I) . (Fig. 1H,  I ). Immunohistochemistry for laminin-1 and vimentin, in consecutive sections were performed ( Supplementary Fig. S3 ) to distinguish epithelium and mesenchyme.
Inappropriate organ fusion is prevented by the coelomic epithelium
During midgestational embryonic mouse development, foregut structures such as lung, intestine, stomach and pancreas are in direct physical contact with one another within the coelomic cavity. Therefore, as implied above, a barrier between these organs may be important to prevent interorgan signaling cross-talk. In addition, we hypothesized that such a barrier may prevent inappropriate fusion of adjacent organs.
When coelomic epithelium was removed from two agematched dorsal pancreatic buds, and the two buds juxtaposed to one another in vitro in a collagen gel culture, they rapidly fused to form a single pancreas ( Fig. 2A-D) . When coelomic epithelium was removed from e11.5 lung and pancreas, or from e11.5 gut and lung, and the two organs apposed, the organs fused to form a single chimeric mass of tissue (Fig. 2E-L) . In contrast, when any combination of endodermal organs were juxtaposed in collagen gel culture, but both with their coelomic epithelia intact, such as pancreas, lung, or gut, no fusion occurred during the 6 day culture period (Fig. 2M-X) . Previously, we noted that when we harvested embryonic organs for culture, the coelomic epithelium was necessarily disrupted as part of the dissection. We also noted that the coelomic epithelium rapidly reforms over this disruption in vitro to create an intact layer of coelomic epithelium around the entire organ explant within 24 hours (as demonstrated by the intact line of laminin around the perimeter of the organoids). Therefore, for these intact coelomic epithelium experiments ( Fig. 2M-X) , the coelomic epithelium was allowed to reform prior to juxtaposing to another organ. From these data we conclude that the coelomic epithelium acts to prevent embryonic visceral organ fusion in vitro. If such inappropriate fusion occurred in vivo, it could lead to the formation of non-functional chimeric organs. It is tempting to speculate that the clinically observed phenomenon of heterotopic pancreas formation in the wall of the intestine may represent failure of such a barrier function.
Coelomic epithelium as a barrier to retain morphogenic signals for pancreatic development
In addition to preventing inappropriate organ fusion, we tested the hypothesis that the coelomic epithelial layer may be necessary for proper development, perhaps by preventing loss of morphogenic signals due to diffusion out away from the immediate region of the developing organ. After 6 days in culture, the e11.5 pancreas grown without coelomic epithelium lacked normal branching morphogenesis ( Fig. 3A-C) , and had less acinar formation compared with an e11.5 pancreas cultured with its coelomic epithelium intact ( Fig. 3A '-C'). Immunohistochemical staining for endocrine and acinar pancreatic markers in the coelomic epithelium-free culture ( Fig. 3C ) revealed an apparently higher endocrine/acinar ratio of cells than the pancreas cultured with its coelomic epithelium intact (Fig. 3C') . Previous work has shown that a reduction in the amount of mesenchyme in a cultured embryonic pancreas could shift early pancreatic cells away from the acinar lineage (Gittes et al., 1996; Miralles et al., 1998) . Therefore, in order to control for the loss of mesenchyme during harvest, additional age-matched mesenchyme was added back to the pancreas that had had coelomic epithelium removed (Fig. 3D ). These additional pieces of mesenchyme rapidly fused with the coelomic epithelium-free pancreas, but nevertheless these cultures still showed reduced branching morphogenesis ( Fig. 3E ) and an apparently greater endocrine/ acinar ratio of differentiation (Fig. 3F ). Morphometric analysis of insulin, glucagon, and amylase staining (Fig. 3G) , as well as total enzymatic quantification for amylase (Fig. 3H) , confirmed these results. These results strongly suggest that the coelomic epithelium is necessary to contain key signals, particularly pro-acinar signals (that also favor branching morphogenesis) within the local microenvironment of the developing pancreas.
To further study whether the coelomic epithelium prevents loss of morphogens due to diffusion out away from the developing pancreas, we used a trans-filter culture system. Isolated pancreatic epithelium typically does not generally differentiate well in culture. Here, isolated pancreatic epithelium was placed on the underside of a Millipore filter. On the top side of the filter, directly overlying the isolated pancreatic epithelium, was placed either a whole pancreas with its coelomic Fig. 3 -(continued) epithelium intact, or else a whole pancreas with coelomic epithelium removed (Fig. 4A) . With coelomic epithelium intact, no evidence of differentiation in the isolated epithelium across the filter occurred after 5 days in culture, suggesting that no significant signaling was occurring across the filter (representative images shown in Fig. 4B ). In contrast, when a coelomic epithelium-free pancreas was positioned across the filter from the pancreatic epithelium, endocrine, but not acinar, differentiation was seen in the isolated epithelium after 5 days in culture (Fig. 4C) . This differentiation suggests that pro-endocrine factors from the overlying pancreas, in the absence of coelomic epithelium, were able to traverse the filter to induce differentiation in an isolated epithelium. The endocrine-specific differentiation induced across the filter is consistent with previous data in which we showed that proendocrine induction by mesenchyme occurs at a distance, and is likely to be a diffusible factor, whereas the pro-acinar effect of mesenchyme appears to require proximity or contact (Li et al., 2004) . Thus, these data suggest that the coelomic epithelium serves to retain these morphogenetic signals. Fig. S2 ). (C) Six day culture of a coelomic epithelium-free pancreas grown directly over the isolated pancreatic epithelium. Immunohistochemistry for insulin (red), glucagon (blue), and amylase (green) shows welldefined endocrine differentiation in the isolated epithelium (e), but no acinar differentiation (Supplementary Fig. S2 ). Images are representative of at least five explant cultures for each condition. D-G are higher magnifications of immunohistochemistry for isolated pancreatic epithelium (e in panel B). H-K are higher magnifications of immunohistochemistry for an isolated epithelium similar to (e) in panel C.
2.4.

Coelomic epithelium as a potential source for pancreatic developmental morphogens
One explanation for some of the perturbations we observed in endocrine and exocrine differentiation in our coelomic epithelium-free pancreas cultures is that the coelomic epithelium itself provides key morphogens. We thus isolated the pure coelomic epithelium (mesenchyme-free) by microdissection and juxtaposed it to an isolated pancreatic epithelium. Here, in all five samples the coelomic epithelium involuted over 2-3 days, and there was no evidence of differentiation in the epithelium by immunostaining (data not shown).
In those latter experiments, involution of the coelomic epithelium due to the experimental conditions could have prevented us from detecting an effect of coelomic epithelium on the pancreatic epithelium. Thus, we performed a microdissection wherein most of the pancreatic mesenchyme was removed, but not the coelomic epithelium. Thus here, much of the coelomic epithelium then had none of the normally intervening mesenchyme between the coelomic epithelium and the pancreatic epithelium (Fig. 1C) . Interestingly, although not quantifiable here, it appeared that in the regions where epithelium was directly adjacent to coelomic epithelium, without intervening vimentinpositive mesenchyme, the epithelium appeared to develop similar to the coelomic epithelium-free cultures. Little branching morphogenesis was seen (Fig. 5A) , and there was reduced acinar differentiation (Fig. 5B) . Laminin-1 staining to mark the basement membrane underlying the coelomic epithelium (Fig. 5C) showed that an intact coelomic epithelium had re-formed around the pancreatic epithelium, and remained intact throughout the culture period. Immunostaining for amylase and vimentin revealed that the epithelium in proximity to, or even in direct contact with the coelomic epithelium, showed no significant acinar differentiation (Fig. 5D) . These results suggest that the coelomic epithelium does not have a significant inductive effect on the epithelium by itself, and that the loss of signaling after removal of the coelomic epithelium is not likely to be due to the loss of key signals emanating from the coelomic 
The coelomic epithelium is dynamically regulated
The embryonic mouse pancreas is derived from fusion of the dorsal and ventral pancreatic buds. Since the coelomic epithelium appeared to inhibit organ fusion, we hypothesized that the pancreas may behave differently than other endodermal organs with respect to its ability to fuse. Thus, when e-11 pancreas without coelomic epithelium was placed in proximity to a whole pancreas with the coelomic epithelium intact in a collagen gel culture (Fig. 6A ), rapid (6-7 hours) fusion or "engulfment" of the isolated pancreatic epithelium within the coelomic epithelium of the intact pancreas was seen in 18 of 20 such explants (Fig. 6B) . Over time, the two epithelia enclosed within the coelomic epithelium appeared to form one seamless larger pancreas (Fig. 6C) , reminiscent of the fusion of the dorsal and ventral pancreas that leads to a single, larger pancreas. This "engulfment" also occurred in 16 of 20 explants when isolated pancreatic epithelium, having both mesenchyme and coelomic epithelium removed, was placed in proximity to a whole pancreas with coelomic epithelium and mesenchyme intact (Fig. 6D-F) . Surprisingly, laminin-1 staining revealed that this "engulfment" entailed transient dissolution of the coelomic epithelium and its underlying basement membrane, followed quickly by reformation of the coelomic epithelium and its underlying basement membrane after the "engulfment". Strikingly, this entire process occurred within 24 hours (Fig. 6G) . Further, these "double pancreases" appeared to possess normal pancreatic architecture (Fig. 6H) with normal endocrine and acinar differentiation (Fig. 6I) . This "engulfment" phenomenon did not occur with other juxtaposed intact and coelomic epithelium removed organs, such as whole pancreas with lung epithelium, or whole lung with lung epithelium (data not shown). We were concerned that the engulfed pancreas might have simply involuted over the 6-day culture period, and the "double pancreas" was actually just the one original whole pancreas. Thus, we performed an engulfment assay using an e-11.5 Rosa-26 lacZ embryonic mouse pancreatic epithelium. After 6 days the contribution of the engulfed lacZ positive pancreas to normal architecture was clearly evident (Fig. 6J) . In addition, to determine whether simple physical contact with the second pancreas was sufficient to induce this engulfment process, inert beads soaked in PBS or BSA were placed in contact with a whole pancreas, but no engulfment or fusion was seen in five explants (Fig. 6K ). This result suggests that the pancreatic epithelium actively induces the whole pancreas to engulf. Lastly, to determine whether viable cells in the pancreatic epithelium were necessary for this process, the e-11 pancreatic epithelium was briefly fixed in 4% paraformaldehyde, washed extensively with PBS, and then juxtaposed to a living whole pancreas. Here again no fusion or engulfment was seen in five explants. Thus, this process seems to be specific to the pancreas fusing with an adjoining pancreatic epithelium, and may represent a preserved function necessary for the fusion of the dorsal and ventral pancreas.
Occasionally, the isolated epithelium juxtaposed to a pancreas coelomic epithelium intact would not be engulfed (2 of 20), perhaps due to inadequate contact between the two (Fig. 6M) . Here, the non-engulfed epithelium appears viable (Fig. 6N ), but lacks significant exocrine or endocrine differentiation ( Fig. 6O, P) . Staining for laminin-1 confirms that the coelomic epithelium with its underlying basement membrane did not reform around the external pancreatic epithelium (Fig. 6Q) . These results further support the notion that the coelomic epithelium may prevent outflow of key diffusible factors.
Coelomic epithelium prevents splenic anlage-induced pancreatic intestinalization
Recent studies have shown that a normal separation between the embryonic pancreas and spleen that develops starting around day 12 of gestation in the mouse prevents spleen-induced intestinalization of the pancreatic epithelium mediated by activin signaling from the spleen (Canalis et al., 2003; van Eyll et al., 2004) . We hypothesized that the coelomic epithelium creates a physical barrier between pancreas and spleen, and is necessary for preventing this activin-mediated spleen-induced intestinalization. To test this hypothesis we created a series of in vitro tissue interaction experiments (see Fig. 7 ). Prior to the co-culture analysis, we found that activin type II receptors were expressed in the pancreatic. At E11.5 this expression was seen in the mesenchyme, and to a lesser extent in the epithelium (Fig. 8) . Day 12.5 mesenchyme strongly expressed the receptors, but we are technically unable to dissect the epithelium free of mesenchyme at this later age, so we did not determine whether activin II receptor(s) were expressed specifically in the epithelium.
For the tissue recombination experiments, spleen from a day 14 embryo was juxtaposed in culture to a day 11.5 pancreas. Here, an older spleen was used because the E11.5 embryonic spleen is ill-defined. When E14 spleen was juxtaposed to an isolated E11.5 pancreatic epithelium, devoid of its mesenchyme and coelomic epithelium (CE -+ Spl), we did not see intestinalization (Fig. 9A-D) , and did see apparent acinar differentiation (as demonstrated by the E-cadherin + rosette-shaped structures). We previously reported that pancreatic mesenchyme is instructive for pancreatic acinar differentiation, but other mesenchymes, or 3T3 fibroblasts could replace this effect (Li et al., 2004) . Thus, here we suspect that the splenic tissue, which is mesenchymal in nature, is replacing the pro-acinar effect of mesenchyme on epithelium. However, when pancreatic mesenchyme and pancreatic epithelium were cultured in juxtaposition to the splenic anlage, but with the coelomic epithelial lining removed (CE − + M + Spl)
we began to see intestinal lumens and villin-positive staining in the pancreatic epithelium (representative images shown in Fig. 9E-H ). These findings suggest that spleen signaling to the pancreatic mesenchyme alters the signaling milieu and leads to intestinalization. Since activin signaling has been implicated in this spleen-induced intestinalization (Canalis et al., 2003) , and since we saw activin II receptors expressed in the pancreatic mesenchyme, we tested the ability of activin neutralizing antibodies to block this intestinalization (CE -+ M + Spl+Ab). Intestinalization, as evidenced by formation of lumens with villin-positive staining, was blunted by this antibody treatment (Fig. 9I-L) . When the pancreatic epithelium and mesenchyme were cultured in juxtaposition to the splenic anlage, but with the coelomic epithelium intact (ICE+M + Spl), no intestinalization was seen ( Fig. 9M-P) . These results suggest that the coelomic epithelium, which intervenes between the embryonic pancreas and spleen by day 12-13 in the mouse, serves to block inappropriate signaling from the spleen that can induce intestinalization. In bapx1 null mutant mice, where separation of spleen and pancreas does not occur properly, there is intestinalization of the pancreatic epithelium (Canalis et al., 2003) . In order to verify that the intestinal structures were indeed villin+ intestinal structures, we performed similar co-culture experiments as in Fig. 9 , except that E11.5 a lineage-tagging villinCre;ROSA26mTmG mouse pancreatic epithelium (villin/cre negative at baseline) was used instead of normal pancreatic epithelium. The results shown in Supplementary Fig. S1 confirmed our observation that in the presence of spleen, pancreatic epithelium devoid of coelomic epithelium but with mesenchyme intact begins to express villin-cre and becomes positive for mG green fluorescence.
Experimental procedures
Organ harvest and explant culture
Timed matings of outbred CD1 mice (Charles River Laboratories, Inc., Wilmington, MA) or villin-Cre (homozygous ) and ROSA26mTmG(homozygous) mice (Jackson B6.SJL-Tg(Vil-Cre) 997Gum/J and B6.129(Cg)-Gt(ROSA) 26Sortm4(ACTB-tdTomato,-EGFP)Luo/J ) were set up, and the morning of vaginal plug was designated embryonic day 0.5. Embryonic day 11.5 pregnant females were sacrificed according to the protocols approved by the IACUC committee for the University of Missouri, Kansas City Medical School and the University of Pittsburgh, and organs were harvested by micro-dissection. The dissected E11.5 VillinCre;ROSAmTmG embryonic intestines were examined under a fluorescent microscope and the cre-positive embryos 
Trans-filter organ culture
Organ culture for the trans-filter differentiation experiments was conducted by layering un-polymerized collagen (BD Biosciences) on the underside of a 0.4 micron Millicell culture plate insert (Millipore) and allowing this layer to polymerize. Once the collagen gel was set, pancreatic epithelium was isolated away from its mesenchymal and coelomic epithelial components, and then inserted into a collagen plug, directly adjacent to the filter. Then, an intact pancreas (pancreatic epithelium, mesenchyme, and coelomic epithelium all present), or a pancreas with only its coelomic epithelium removed mesenchyme intact was positioned on the topside of the filter, positioned directly over the isolated pancreas epithelium (separated only by the filter). Explants were cultured in 5.0% CO2 humidified incubators.
Coelomic epithelial removal
Removing the coelomic epithelial layer from tissues such as the pancreas, spleen, lung, and gut was accomplished through careful enzymatic-free micro-dissection. For coelomic epithelial removal from the pancreas, the pancreas was harvested with the stomach as a single intact piece of tissue. Then, using an ultra-fine (1 µm tip) tungsten needle, the stomach was pierced and held in place while another tungsten needle was used to gently strip the pancreatic epithelium and mesenchyme away from the coelomic epithelium. In this way, we could "peel" away the pancreatic epithelium and some of its mesenchyme from the coelomic epithelium, leaving a coelomic epithelium-free pancreas. To remove coelomic epithelium from the gut, we simply placed a small amount of gut down on the bottom of a plastic petri dish and made four cuts along its length and the coelomic epithelium then easily was removed. Removal of the coelomic epithelium from the lung involved a similar process as for the gut.
Immunohistochemistry
Tissue sections were thawed at room temperature and outlined with a liquid blocking pen (Electron Microscopy Sciences, Ft. Washington, PA), immersed in 0.1% Triton X-100 (Roche Diagnostics Corporation, Indianapolis, IN) in 1x phosphate buffered saline (Sigma-Aldrich, Inc.) for 10 minutes at room temperature. Sections were then placed into phosphate buffered saline for 5 minutes at room temperature. After 5 minutes, sections were removed and blotted, overlayed with 4.0% donkey serum (Jackson Immunoresearch Laboratories, Inc., West Grove, PA), and incubated overnight at 4°C in a humidified chamber. Sections were then immersed in 0.1% Triton X-100 solution for 10 minutes and transferred to 1x PBS solution for 5 minutes. Slides were then blotted of excess solution, and overlayed with primary antibody (guinea-pig anti-swine insulin [DakoCytomation, Carpinteria, CA] chamber for 2 hours at 4°C. Sections were then washed in 1x PBS three times in the dark for 5 minutes and blotted off with a paper towel. The slides were then mounted using gel mounting media (Biomedia, Foster City, CA) and allowed to dry.
PCR for activin receptor II and IIB
Total RNA was isolated from embryonic pancreas tissues using the RNeasy mini kit (Qiagen, Inc.) following the manufacturer's suggestions. The quality of the RNA samples was analyzed using Genesys 10UV (Thermo Electron Co.). RNA (1 µg) was treated with 0.5 units DNase I (amplification grade; Invitrogen) and then annealed with 50 ng random hexamer oligonucleotide. The cDNA was synthesized using the Superscript first strand synthesis system for real-time PCR (RT-PCR; Invitrogen) following the manufacturer's suggestions. The cDNA products were diluted 20-fold before PCR amplification. Primers for activin IIA cDNA were 5'-acaagatggcctaccctcct-3' and 5'-gtgcctcttttctctgcacc-3', and primers for activin IIB were 5'-gatacccatggacaggttgg-3' and 5'-cttgtggacaaccacctcct-3'.
Microscopic imaging
Sections were analyzed on an Olympus BX60 upright fluorescent microscope and images captured using Q-images Retiga 1300 digital camera coupled with Adobe's Photoshop 7.0 software package.
Electron microscopy
For standard electron microscopy, the E10.5 pancreas was dissected and cut into 1-mm cubes, and fixed overnight in 2.5% glutaraldehyde in 0.1 mol/L phosphate buffer, pH 7.2. All fixed specimens were stored at 4°C until processed into Spurr's resin (JEOL USA, Inc., Peabody, MA). Ultrathin (70 nm) sections were cut onto nickel grids, contrasted with uranyl acetate and lead citrate, and viewed with a Joel 1010 electron microscope (JEOL USA, Inc.). 
3.8.
Quantification and statistical analysis for Supplementary Fig. 2 All results are given as the mean ± SD. The pancreas with its coelomic epithelium intact or coelomic epithelium removed was grown directly over the isolated pancreatic epithelium for 6 days, sectioned and standard morphometry was used for the immunohistochemistry of insulin, glucagon and amylase to count positive cells. The total insulin and glucagon positive cells were counted as endocrine and amylase positive cells counted as exocrine. The average number of insulin + and glucagon + cells was calculated to represent total endocrine differentiation and amylase + cells were calculated for total exocrine differentiation. A total of 20 sections were counted for each pancreas. Insulin plus glucagon positive cells and amylase-positive cells were compared with coelomic epithelium intact pancreas using Student's t-test. Differences were considered statistically significant when the P-value was <0.05.
